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T h i s  paper describes the 1964 inves t iga t ions  having corroborated 

the  presence of t h e  exci ted hydrogen l i n e  i n  t h e  5 c m  wavelength, and 
allowed the photoefaphing of its p r o f i l e  i n  the  Omega nebula.This has 

been made possible only by u t i l i z i n g  a quantum paramagnetic amplifier. 

* 

11, S, Kardashev had indicated the  p o s s i b i l i t y  of observing a series 
of l i n e s  in t h e  radiowave band, emitted by regions with ion i ted  hydrogen, 
since 1959. (see [l]). Since t h e  ionized hydrogen is more c lose ly  l inked 
w i t h  t h e  stars t h a  the  neut ra l  hydrogen, the s tudy of its rad io l ines  may 
cn~plemont k n n w l e d ~ e  of the  s t ruc tu re  of the  Gal- and of the Universe 

surrounding US. Attempts t o  observe exci ted hydrogen rad io l ines  were made 

i n  Pulkovo already in 1958 C21.The f irst  successful  venture i n  detect ing 
r ad io l ines  of excited hydrogen a t  5 cm wavelength i n  the emission of hot 

nebulae was undertaken by two of the co-authors in 1963 C33. 
The inves t iga t ions  conducted in 1964 have confirmed the presence 

of the rad io l ine  and allowed the  t,?king of i ts p r o f i l e  i n  the  Omega nebula. 

It became possible only when using a pcramagnetic amFl i f ie r .  
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A quantum paramagnetic amplifier (QPA) of a t r a v e l l i n g  wave i n  

the  5-cm bpnd is u t i l i z e d  in t:ie radiometer. It operates with l i qu id  
helium temperature of 4.2 K [4] with an amplification f a c t o r  G -  25 db 

f o r  a pass-band of = 26 IeIc/e. In i t  a quantum Jump in ruby is u t i l i z e d  
between the ene rm l e v e l s  1 - 4 for pumping and 1 - 2 f o r  signal, contrary 

t o  those u t i l i z e d  i n  C5l;thi.s allowed the  operation without helium vapor 
exhaustion. The use i n  the QPA of a wide-band decelerat ing system (comb) 
with a bui l t - in  low-temperature f e r r i t e  valve, assures the  p o s s i b i l i t y  
of frequency changeover (150 Nc/s) and diminishes the dependence of QPA '6 

amplification f ac to r  on the impedance var ia t ion  at  its input by comparison 

with QPA's resonator, and-matter of great  importance in radioastronomy- 
i t  provides a high amplification s t a b i l i t y  ( the  amplification's i n s t a b i l i t y  
cons t i t u t e s  l e s s  than 0.05 db/sec). The measured aggregate noise temperatu- 

r e  of the radiometer wLth the QPA cons t i tu tes  32OK, of which 18O K are 
superheterodyne balanced receiver 's  noises (converted t o  &PA &put). 
The t o t a l  antenna noise ternperature ( with a waveguide loop), together 
w i t h  those of the f e r r i t e  commutator and of the  radiometer, cons t i tu tes  
1 1 6 O K .  The rad.iometer*s f luctuat ion s e n s i t i v i t y  (with the QPA) is &=0.035O K 
for a 
w h a t  l e s s  than the theore t ica l ly  possible value. A magnetic f i e l d  of 
H ='to00 oe i n t e n s i t y  is induced by a constant magnet. A metal l ic  c ryos ta t  

of capacity near 5 l i t e r s  l i q u i d  helium is used f o r  cooling the QPA, which 
assures  its continuous operation during 8 hours. 

0 

f = 2OMc/s pass-band and a tine constant f = 3.5 sec, which is some- 

The radioepectrograph u t i l i z e d  for observations cons t i tu tes  a radio- 
meter of modulation type with a t r i p l e  frequency transformer, t h i r d  hets- 
rodyne retuning and consecutive spectrum analysis. The quadratic detector  

is followed by a balanced amplifier of low frequency and by a standard 

radioastronomical output. 

t h e  rad io l ine  X c m ,  were conducted i n  May and June 1964 with the  a i d  

of the radiospectrograph equipped with the above-described QPA. The con- 
tour-analyter pass band const i tuted 280 kc/s in both c a ~ e e .  In the  f i r s t  

caee the nebula's emission spectrum was compared with tha t  o f , t h e  atmosphere 

and the Earth, and waa analyzed in the 5.5. Mc/s band, and id the  second 

The obeervations of the Omega nebula with the view of tnking down 
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case i t  was compared with the emission spectrum ofthe ext raga lac t ic  source 
C y g p u s - A  and analyzed in the  3.5 Hc/s band. Comparable r e s u l t s  were ob- 
tained in both cases. 

5766 

In Fig , lwe  preront the unique recording made i n  May with a time 

constant = 3.5 sec. The dashed curve represents  the spectrogram of 
atmosphere and Sun's emission, and the s o l i d  curve- t h a t  of the  Omega 
nebula. The spectrograms are  superposed by the frequency axis. I n  the 
frequency region 5763Mc an increased emission in the nebula spectrum is 
c l e a r l y  ~ e e n .  

We brought out in Fig.2a (next page) the frequency dependence of 
nebula emission f lux5  spec t r a l  density r a t i o  t o  t h a t  in a continuous spec- 
trum; the curve was obtained by way of averaging four spectrogmms, taken * , 

down in May. I n  Fig, 2 6, t h i s  curve is averaged by contour-analyter width. 
Represented in Fig. 3 is a spectrogram similar t o  t h a t  of Fig. 2 6, 

obtained i n  July 1964, The radiowave i n t e n s i t y  i n  the maximum cons t i t u t e s  

3.8 2 0.5% of the in t ens i ty  of the  continuous spectrum. The width of the  
l i n e  by the half- intensi ty  l e v e l  cons t i t a t e s  1.2 2 0.3 Mc/s. The line 
maximum posi t ion by frequency must per iodical ly  s h i f t  on account of the 
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In F i g . 4  we presented the 

curve of sinusoidal var ia t ion of the 

Doppler e f f ec t  linked with E a r t h ' s  

r e  ve a l e  d. 

ro ta t ion  about the Sun. This s h i f t  

* " 

L Fig. 3 

v 5  T 

is 

flonti4 Fi::. 4 time of the year, obtained on the 
bas i s  of op t i ca l  data. Our measurements 

of the l i n e  maximum frequency are shown by dots, 
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